We conducted an in-person interview to examine the reliability of reported sexual histories among men over age 50 y with and without prostate cancer. Marriage and cohabitation were used as memory cues to recall sexual activity. High correlations on test-retest for questions evaluating sexual histories suggest reliable answers for most factors, and specifically for age at first sexual activity, and lifetime number of sexual partners. Low correlations were seen for ill-defined and socially undesirable items. These data suggest that men consistently report most measures of sexual activity when using marriage and cohabitation as memory cues to recall sexual histories.
Introduction
Prostate cancer is the most common malignancy in men. 1 The consideration of sexual activity embraces a constellation of risk factors that may be associated with the development of various diseases. Specifics of sexual activity may correlate with viral infections or may be related to a hormonal effect. Frequency of sexual activity may be highly correlated with hormone levels whereas sexually transmitted diseases represent possible viral infections as causative agents. A recent meta-analysis found an increased risk (RR ¼ 1.4) of prostate cancer with sexually transmitted infections and a suggestion of an increased risk with more frequent sexual activity. 2 However, the association with sexually transmitted infections could be due to a reporting bias in controls if they under-report socially undesirable items. Other measures of sexual activity may have nondifferential measurement bias due to random measurement error. Since validity of most sexual activity measures cannot be examined, we looked at the consistency with which men with prostate cancer and those without report measures of sexual activity. Assessment of sexual history is problematic, especially in older men. This study was designed to examine the reliability of recalled sexual practices among men over age 50 y with and without prostate cancer.
Methods
Subjects were recruited during 1998-1999 to examine the reliability of self-reported sexual histories. A group of prostate cancer patients was recruited from the urology practice at University Hospitals of Cleveland within Cuyahoga County, Ohio. A group of controls was recruited using random-digit dialing techniques based on the case's phone prefix in an attempt to frequency match on residence. Interviewers administered the standardized in-person questionnaire. Questions included medical history, body size, family history, sexual history, sexually transmitted infections, vitamin intake, tobacco and alcohol use, physical activity, and occupational history. Cases and controls were interviewed with the same questionnaire. Frequency matching on residence may have controlled for some socioeconomic factors. Questions were developed based on prior prostate cancer studies and on a large population study of sexual habits in the United States. 3, 4 Sexual histories were taken around each marriage or cohabitation with a sexual partner. The marriage or cohabitation was used as a memory cue tool under the assumption that sexual partners with whom the individual lived would be more easily recalled. This memory cue is similar to a study that used cohabitation periods to assist women in recalling birth control methods. 5 Both number of cohabitators and years of cohabitation were recorded. Frequency of sexual activity within the first and last year of each cohabitation were surveyed in an attempt to get at a measure of sexual frequency. The number of encounters (once, 2-10 times, or greater than 10 times) with other sexual partners were recorded before, during and after each cohabitation. For men who were never married and never cohabitated with a sexual partner, they were asked to recall the number of sexual partners they had before age 18 y, sexual partners during the last twelve months, then any other sexual partners between age 18 y and 12 months prior to the interview.
Subjects were also asked to complete a short selfadministered questionnaire on sensitive issues while the interviewer reviewed the in-person questionnaire. Sensitive issues included specific questions on extra-marital affairs, sex with other men and masturbation. The selfadministered questionnaire included three items that could be compared for consistency with answers recorded by the interviewers. The self-administered questionnaire included a question on the number of sexual partners in the last 5 y, a question on lifetime number of sexual partners, and a question as to whether or not the subject ever had an extramarital affair. The question on the number of sexual partners in the last 5 y was compared to an identical question asked by the interviewer. The categorized question on their lifetime number of sexual partners from the self-administered questionnaire was compared with lifetime number of partners from the interview calculated by summing across cohabitation and noncohabitation partners. Since noncohabitation partners were obtained by asking about partners before, during and after each marriage or cohabitation, a variable was created to identify subjects who had multiple partners while cohabitation with a sexual partner. This indicator was compared to a question on the self-administered questionnaire as to whether or not the subject 'ever had sex with someone other than your spouse/cohabitator while you were living together. ' Reliability was examined by a test-retest of the questionnaire with both prostate cancer cases and controls. The intention is for future use in populationbased studies of cancer risk factors. The initial interview was a detailed in-person interview. Participants were given the option of conducting the shortened follow-up interview in-person or via telephone. All subjects choose to conduct the follow-up interview over the telephone. Answers to the initial in-person interviews were compared to telephone-interviews given 4-8 weeks after the original interview. The second interview covered only parts of the questionnaire that needed to be examined for reliability, more specifically sexual history. Some items were also examined by comparing answers from the inperson interview with answers on a self-administered questionnaire.
Two-sample t-test and w 2 tests were used to compare demographic factors and sexual history characteristics between cases and controls for continuous and categorical measures, respectively.
Reliability refers to the reproducibility of a measure or how consistently a measurement can be repeated on the same subjects. 6 We examined intramethod reliability, also known as test-retest reliability, along with intermethod reliability. For intramethod reliability the interclass correlation coefficient (ICC) was estimated for continuous measures and kappa was used for categorical measures. 6 The ICCs were estimated from a one-way random effects model based on the between and within mean squares. A lower 95% confidence limit for the ICC was estimated using the F-distribution under the assumption of a normal distribution. 7 Due to the extreme values in the various measures of number of sexual partners, scatterplots were examined for influential points and ICCs were evaluated excluding potential outliers, but estimates were found to be similar. All extreme values happened to be in the control group.
Weighted kappas were used for ordered categories, and simple kappas for yes/no categories. 6 Kappas were calculated using SAS software with Cicchetti-Allison weights used. 8, 9 For the intermethod reliability, Pearson correlation coefficients were used for continuous measures. 6 A lower 95% confidence limit for Pearson's correlation coefficient was calculated based on the approximate normality of the Fisher's z transformation. 10 The Spearman correlations (based on ranks) gave similar results suggesting that extreme observations did not affect the Pearson correlation coefficients.
Under the parallel tests assumption, the validity of factors related to sexual activity can be estimated as the square-root of the reliability coefficient. 6 If the assumption of uncorrelated errors in the two measurements do not hold, then the square-root of reliability provided an upper limit of the validity of the measure. 6 We estimated validity based on the reliability coefficient in all subjects and conservatively present them as an upper limit of validity of sexual activity measures in this study. A priori, for a sample size of 20 subjects, we should be able to detect a interclass correlation coefficient of 0.6 or higher 11 and a Pearson correlation of 0.64 or higher 12 at power ¼ 0.90 using a significance level of 0.05.
Results
The participation rate was 87.5% for prostate cancer cases and 73.7% for age-eligible controls. Based on 37 interviews, the average time for the overall interview was 58 min with a range of 25-90 min. The remaining three interviews were missing information on the completion time. We could not look at consistency of reporting sexually transmitted infections in this population since the rate of sexually transmitted infections was very low. None of the subjects reported ever being diagnosed with syphilis or herpes; only one man reported a diagnosis of Chlamydia and one a diagnosis of genital warts; and only four men reported a prior diagnosis of gonorrhea. Thus subjects were not requestioned about prior diagnosis of sexually transmitted infections. Table 2 . While 40 subjects were interviewed, some statistics shown in Table 2 are based on smaller numbers due to incomplete information obtained by the interviewer for the first several interviews. The incomplete data were most often due to lack of following skip logic. Some other questions were based on answers to other questions and thus not completed by all men. The means and ranges for the continuous factors are given by case status in Table 2 . Table 2 also reports Pearson correlations and Kappa statistics between answers on the in-person interview and the self-administered questionnaire. All estimates, except for item 9 in cases (Table 2) , were statistically significantly greater than no association (confidence intervals did not include zero). Strong correlations (40.7) are seen for age at first sexual activity, and various measures of the number of sexual partners. The ICCs reported in Table 2 decreased by less than 5%, when outliers or extreme values were restricted for age at first sexual activity and lifetime number of sexual partners. When the control subject with extreme data (20 partners on initial interview and five partners reported on the repeated interview) for number of partners before age 18 was excluded, the ICC increased to 0.68 (lower limit (LL) ¼ 0.50, n ¼ 35) among all subjects and to 0.67 (LL ¼ 0.41, n ¼ 19) among the controls, thus the ICCs reported in Table 2 are conservative. Strong correlations were also seen between the in-person interview and the self-administered questions on the number of sexual partners in the last 5 y and the lifetime number of sexual partners. The lower correlation, just below 0.5, for age at puberty is not too surprising. These data suggest a possible differential misclassification between cases and controls for ever having sex with someone other than your spouse/cohabitator while you were living together, with lower consistency among cases.
Discussion

Reliability of sexual histories
Overall, the correlations for each factor on sexual activity showed reliable results based on the questionnaire. This suggests that men consistently report their sexual practices in a similar manner when marriage and cohabitation are used as memory cues to recall sexual activity. It is unclear if this tool may create artificial differences in men who have never lived with a sexual partner. We cannot comment on the consistency of reporting of sexually transmitted infections.
Validating measures of sexual activity are not practical, however, the square-root of the interclass correlation coefficient provides an estimate of the validity of self report. When the assumption of uncorrelated random errors in measurement fails then this estimate becomes an upper limit of the validity of these self-reported measures of sexual activity. The use of memory cues has been used in a variety of studies. Calendars have been used to effectively aid recall. 6, 13 As a means of improving birth control methods, one study 5 used a month-by-year matrix calendar on which marriages and cohabitations were first recorded, then pregnancies, then birth control methods. This is similar to what we did to help participants recall number of sexual partners.
Sexual activity has been associated with various diseases. Sexual contact is reported as a mode of transmission for both hepatitis B and hepatitis C along with HIV infection.
14 Factors including multiple sexual partners, early age at first intercourse and history of sexually transmitted diseases have been reported to give rise to 2-4 times the risk of cervical cancer. 15 An increased risk of vulvar cancer is also associated with multiple sexual partners. 16 Similar factors related to sexual activity are suspected risk factors for prostate cancer but with a weaker association. 15 A meta-analysis of prostate cancer and sexual activity found an increased risk of prostate cancer related to sexually transmitted infections, which was also supported by a weak but significant linear trend with increasing number of sexual partners. 2 If studies summarized in the meta-analysis suffered from nondifferential misclassification (random error) of sexual activity due to poor measurement, then the ORs reported would underestimate the association. If such were the case, then the statistically significant pooled OR of 1.2 for an increase in 20 partners 2 may actually be higher.
Use of standardized instruments that have been shown to be reliable may better reflect any true association Table 2 .
Reliability of sexual histories in men over age 50 LK Dennis et al between sexual activity and prostate cancer. Studies of sexually transmitted infections may suffer from differential reporting bias. Differential bias could bias ORs in either direction. For example, if the prevalence of sexually transmitted infections in the populations is 20% and sexually transmitted infections are not related to prostate cancer, and if cases report sexually transmitted infections fairly accurately but controls under-report them by 50%, such differential reporting could create an OR ¼ 1.5 (20 Â 100%/20 Â 50% ¼ 1.5) where there is no association. Studies of sexual frequency in relation to prostate cancer have not been clear. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] Overall, there is some suggestion from previous studies of an increased risk of prostate cancer with increased sexual frequency. 2 Reliability of sexual frequency in previous studies is unclear. In addition, only three previous studies looked at sexual frequency at different time periods and none looked at a potential lifetime cumulative effect. The questionnaire described here focuses on sexual histories and attempts to anchor events around marriages and sexual cohabitation relationships. Rather than measure frequency during different decades of life, sexual frequency is examined within relationships across a lifetime. This structuring of questions may provide a better estimate of overall frequency. 
9. Ever had sex with another partner(s) while you were living with a spouse or cohabitant (yes/no)
10. Number of sexual partners in the last 5 y (categories: 0, 1, 2, 3+)
In-person interview vs. self-administered questionnaire 11. Lifetime number of sexual partners
12. Ever had sex (yes/no) with someone other than your spouse/ cohabitant while you were living with them
Upper limit of validity estimated by the square root of the reliability coefficient for all subjects. ICC ¼ correlation coefficient, PC ¼ Pearson correlation, k ¼ Kappa's are weighted kappa's for ordered categories. LL ¼ lower limit of 95% confidence interval on ICC, or Kappa; n ¼ number of subjects completing both the test and retest of that question.
Reliability of sexual histories in men over age 50 LK Dennis et al
One of the lowest overall ICCs seen was 0.47 for age at puberty, which is not too surprising. Defining age at puberty for men is much more difficult than it is for women. While the onset of puberty in women is clearly signified by the start of menstrual periods, the onset of puberty in men is more subtle. Our questionnaire did not attempt to define puberty. Some but not all males experience changes in their voice. Others experience growth of facial hair while this process is delayed in other men. Typically age at puberty in males is defined by pubic hair growth. Defining puberty in males in a way that assists recall of this event and to reliably assess age at puberty is difficult. For these reasons, age at puberty is unlikely to show consistent results across studies due to a lack of a concrete definition or measure.
The lowest consistency was seen among small numbers of cases for 'ever had sex with someone other than your spouse/cohabitant while you were living with them'. Four of the 30 subjects admitted to having an affair on the self-administered questionnaire but not to the interviewer (compared to 11 who admitted in both formats). The higher report on the self-administered questionnaire may reflect an activity that is deemed socially unacceptable; therefore, respondents were more likely to be honest when completing the self-administered questionnaire. The discrepancy could be due to lack of detail recorded by the interviewer when asking about sexual partners other than those with whom the subject lived. In such case, constructing computer automated personal interviews for future studies would resolve errors in skip patterns and prompt for details.
Data collection errors need to be avoided. Some of the correlations are lower here than they could have been due to interviewer problems in skip logic, causing incomplete data. More specifically, the interviewers had difficulty in consistently recording the number of sexual partners outside of a living arrangement other than before the first marriage/cohabitation. Most difficulties encountered could be resolved by programming the questionnaire with Computer Automated Personal Interviewing (CAPI) software to include appropriate skip patterns.
Conclusions
Overall, the correlatizons between the test-retest of the interviewer-administered questionnaire and the comparability with the self-administered questionnaire are encouraging and suggest that these men can consistently recall their sexual behavior. Large reliability studies of sexually transmitted infections are needed to understand reporting of such topics deemed socially unacceptable. Reliability studies nested within case-control studies will provide population-specific estimates of the consistency and validity.
